Abstract. Lattice structure with high strength and low mass using selective laser melting (SLM) has been a hot topic. However, there are some problems in the fabrication of lattice structure by SLM. Rod unit is the basic component of lattice structure and its performance affects the whole structure. It is necessary to investigate the influence of selective laser melting on rod unit's mechanical properties. A series of rod units with different inclination angle and diameter were fabricated by SLM in this research. And the mechanical properties of these units were measured by tensile test. The results show that the rod units with different diameters and inclination angles have good mechanical properties and show no difference. It is a good news for lattice structure designing for there is no necessary to consider the mechanical properties' anisotropy of rod units.
Introduction
In the aerospace, military, automotive, medical and other fields, the significance of the lightweight of components has become more and more important, which can help reduce the amount of spending [1, 2] . Lattice structure has become a hot spot to study, as it not only provides good mechanical properties, but also greatly reduces the weight of parts [3] [4] [5] [6] . However, complex shape of lattice structure makes the traditional way of processing very difficult. At present, proven methods of threedimensional lattice structures' manufacturing include Investment casting [7] , Deformation forming [8] , Woven metal textiles [9] , Non-woven metal textiles [9] and so on [10, 11] . These methods are complex, costly and low in material utilization [12] . However, additive manufacturing technology can shed light on solving this problem [11] .
Additive manufacturing refers to a technique that fabricates part layer by layer which can manufacture parts with any complex geometries theoretically [13] . Selective laser melting (SLM) is one of the additive manufacturing technique [14] . The SLM process begins with splitting a component into layers, and fuses the powder selectively by a laser power to make this fully melted powder combined with former layer. Finally it can get a fully dense part [15] [16] [17] [18] . This method makes it possible to fabricate very complex lattice structures [19] . Chunze Yan et al. [3, 20] have fabricated an advanced lightweight 316L stainless steel cellular lattice structures and a king of gyroid cellular lattice structures via SLM. Sajad Arabnejad et al. [21] have fabricated high-strength porous biomaterials using SLM.
However, there are some problems in the fabrication of lattice structure. The lattice structure can be seen as a series of rod elements. The SLM process can compromise the quality of these rod units. Layer-by-layer build-up makes the parts have the characteristic of anisotropy, which makes the mechanical properties of the parts inconsistent in all directions [22] [23] [24] . In addition, the SLM process also makes the portion which is close to the horizontal poor quality and rougher [25] . The influence of the angle between the rod and the build direction on the lattice structure is caused by the principle of SLM method, which arouses great research significance.
To investigate the influence of inclination angle and diameter on mechanical properties of rod unit, a group of Ti-6Al-4V rod unit structure samples were designed and manufactured by SLM with necessary support. The mechanical properties were analysed by tensile test. The results show that the rod units with different diameters and inclination angles have good mechanical properties and show no difference. It is a good news for lattice structure designing for there is no necessary to consider the mechanical properties' anisotropy of rod units.
Methods and Material

Sample designing
In this research, a group of rod unit structures were designed. The structure consists of two plates and a rod, and the rod is sandwiched between the two plates. Fig. 1 is an illustration of the samples with a rod length of 14mm, a plate length of 10mm, a width of 8mm, and the thickness of the plate equal to the strut diameter. The inclination of the rod is shown in Figure 1 , and it is 4 mm from the substrate in the horizontal direction. It is used for tensile test in order to investigate the mechanical properties of the rod unit. In this group, 35 sets of tensile specimens with different combination of inclination angle θ (0-90 degree, in increments of 15 degree,) and strut diameter D (0.50-2.00mm, in 0.25mm increments) were set. After the tensile specimens were manufactured completely, they were cut by electrical discharge machining. The design parameters of all the samples are shown in Table 1 . 
Sample manufacturing and tensile tests
The specimens were fabricated by EOSINT M 280 (EOS GmbH, Germany) ( Figure 2 ) using Ti6Al4V. Titanium (Ti) alloys have high specific strength, strong resistance to creep and great corrosion resistance [26] . Due to the good mechanical characters, Ti and its alloys are becoming more important in material field, and widely used in aerospace field, military field, biomaterial field, etc. [23, 27, 28] . The process parameters are in optimal setup. The samples exerted the necessary support at a smaller inclination when fabricating.
The samples were cut into individual tensile specimens by electrical discharge machining after fabricated. Tensile tests were carried on INSTRON5966. Three samples were used in every group. The tensile tests were conducted with reference to ASTME-E8/E8M-15a [29] . 
Results & Discussion
The fabricated samples were shown in Figure 3 . In order to ensure consistent cross-sectional area of the samples, necessary support was added when printing. As can be seen from Figure 3 , the rod unit diameter is uniform, and there is no significant difference. Each sample was cut into individual tensile specimens by electrical discharge machining for tensile testing. Figure 4 shows the stressstrain curves of the rod elements at each angle (0-90 degrees, in 15 degrees increments) when the design diameter of the rod is 1.50mm. It can be seen that the inclination angle of the rod elements has little influence on the mechanical properties, and so do the other rod units of the diameter. Figure 5 shows the stress-strain curves of the rod elements with different diameters (1.00-2.00mm, in 0.25mm increments) and same inclination angle (15 degree). It can be seen that the diameter of the rod element does not have a great effect on its mechanical properties and the same is true for other inclination angles. 
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The yield strength (YS) and tensile strength (TS) of each rod units were summarized (Table 2 ) and were shown in Figure 6 , where the solid line represents the tensile strength (TS) and the dash line indicates the yield strength (YS). The tensile strength and yield strength of all rod units is about 1100MPa and 1000Mpa respectively with no significant difference with the inclination angle and diameter change. It can be concluded that the inclination and diameter have no significant impacts on the mechanical properties of the rod element. The mechanical property of Ti-6Al-4V is directly determined by their microstructure [30] [31] [32] . There are three important factors affect the mechanical property including the size of β grains, the β grain orientation and the lamellar α microstructure. In the sample manufactured by SLM, the anisotropy of mechanical properties primarily depends on the deference of the β grain orientation [31] . For the small rod unit of lattice structure, the molten pool is very tiny, and the cooling rate is high. It leads to a small size of the β grains and the lamellar α microstructure. Thus the rod unit ' s tensile strength is up to 1100Mpa and yield strength is about 1000Mpa. And the effect of grain orientation is relatively weakened. Therefore, there is no obvious anisotropy of mechanical properties in rod units. The results of the experiment are meaningful to the designer, for they can ignore the anisotropy of mechanical properties when designing lattice structure. 
Conclusion
To investigate the influence of selective laser melting on rod unit's mechanical properties, a group of samples with different inclination angle and diameter were manufactured. The tensile tests were carried to estimate the tensile strength (TS) and yield strength (YS). It can be concluded that the rod units fabricated by SLM exhibits good mechanical properties and the tensile strength is up to 1100Mpa and yield strength is about 1000Mpa. And there is no obviously difference with the inclination angle and diameter change. It is a good news for designer for they can ignore the mechanical properties' anisotropy of rod units when they design the lattice structure.
